Abstract. This research has been conducted to approach second-order shear deformation theory (SSDT) to analysis vibration characteristics of Functionally Graded Plates (FGP's). Material properties in FGP's were assumed to be temperature dependent and graded along the thickness using a simple power law distribution in term of the volume fractions of the constituents. FGP was subjected to a linear and nonlinear temperature rise. The energy method was chosen to derive the equilibrium equations. The solution was based on the Fourier series that satisfy the simply supported boundary condition (Navier's method). Numerical results indicated the effect of material composition, plate geometry, and temperature fields on the vibration characteristics and mode shapes. The results revealed that, the temperature field and volume fraction distribution had significant effect on the vibration of FGPs. It was observed the second order theory was very close to the other shear deformation theorem as reported in the literature.
Introduction
Functionally Graded Materials (FGMs) were initially designed for thermal barrier materials in aerospace structural applications and fusion reactors. Compared to pure material plate, FG plates of similar size give much lower weight and greater heat resistant. FGMs consist of a ceramic and a metal at which the volume fraction of the two materials is varied, according to a power-law distribution. This advantage of FGM was conducted for the thermal protection. It is seen from the literature that, considerable amount of works have been reported on the vibration characteristics of isotropic plates and composite laminates are exhaustive. However, the investigations of linear and nonlinear dynamic behaviors of shear deformable FG plates under thermo-mechanical environment are limited in number and are discussed briefly here. FEM method and first order shear deformation theory employed by Praveen and Reddy [1] , for nonlinear transient thermo-elastic responses of FG plates. However, they assumed that FG plates were temperature independent. Shukla and Huang [2] presented nonlinear static and dynamic responses of the FG rectangular plate using first order shear deformation theory (FSDT). However, they did not consider the temperature dependent and thermal conditions. Zhao et al. [3] employed a element-free kp-Ritz method to analyze the free vibration of temperature dependent FG plates based on the first order shear deformation plate theory. Ferreira and Batra [4] provided a global collocation method for Natural frequencies of FG plates by a mesh-less method with first order shear deformation theory (FSDT).
There are also several studies of FG plates employing three-dimensional exact solutions and other shear deformation theory such as the third order-shear deformation theory. To determine the effects of Non-linear, Huang et al. [5] compared vibration and dynamic response of the temperature dependent FG plates in thermal environment and based on the higher-order shear deformation theory. Uniform and varied temperature field in the thickness direction were examined in their study. Matsunaga [6] conducted the thermal buckling of FG plates according to a 2D higher order shear deformation theory. However, he was not considered the change of material properties due to temperature distribution in analysis. Some studies apply second-order shear deformation theory (SSDT) such as Khdeir and Reddy [7] , that studied free vibration of laminated composite plates using SSDT. A general formulation for FG circular and annular plates presented by Saidi and Sahraee [8] , using Second order shear deformation theory and developed the bending solution that accounts for deflections and various boundary conditions. Shahrjerdi et Al. [9] presented free vibration analysis of quadrangle FG plate by using Navier's method based on second order shear deformation theory. Also, they [10] used second order shear deformation theory for stress analysis of FG solar plates subjected to in-plane and out-plane mechanical loads.
The temperature independent and temperature dependent materials in a constant temperature field and the temperature varies through the thickness direction if a heat flows from one surface to the other surface by applying first, third and higher order shear deformation theories considered for some researches. To the authors' knowledge, a few works has been done in the area of dynamic stability of FGM plate by using SSDT. In this paper, the analytical solution is provided for the vibration characteristics of FGP under temperature field and applying second order shear deformation theory (SSDT). The temperature is assumed to be constant in the plane of the plate. The variation of temperature is assumed to occur in the thickness direction only. The FGP is assumed to be simply supported with temperature-dependent and independent material properties to the power law distribution in terms of the volume fractions of the constituents and subjected to uniform, linear, nonlinear temperature rise. The frequency equation is obtained using Navier's method based on the second-order shear deformation plate theory.
Material and Method
Temperature dependent material properties. A FG rectangular plate at the thickness h , width, a , and length , b is considered as shown in Figure 1 . The material in top surface ( 3 / 2 x h = ) and in bottom surface ( 3 / 2
) is Full-Ceramic and Full-Metal respectively, and between these two pure materials, power law distribution of material is applied. According to this model, the position and temperature dependent material properties of FGP can be expressed as [11] :
Where E , ρ , α andν denote the modulus of elasticity, density, thermal expansion coefficient and
Poisson ratio of FGP, where subscripts m and c refer to the pure metal and pure ceramic plate respectively. FGP's Material properties can be expressed as a nonlinear function of temperature, see reference [12] , as ( ) 
temperature rise only through the thickness direction, whereas, thermal conductivity k is temperature independent. Temperature-dependent typical values for some FGP material components such as silicon nitride and stainless steel are tabulated in Table 1 (from Ref. [11] ).
Elastic equations.

Second order displacement field:
The displacement field based on second order shear deformation theory (SSDT) can be represented by [7] 
where ( 1 2 3 , , u u u ) denote the displacement components in the ( 1 2 3 , , x x x ) directions respectively; ( , , u v w ) define the displacements of a point on the mid plane ( 1 2 , , 0 x x ); ( 1 2 1 2 , , , φ φ ψ ψ ) are the rotations of a transverse normal about the 2 1 , x x . All of displacement components 
Stress-Strain relations
The stress-strain relation of plates is [7; 10] 
where ij q are functions of position and temperature as follows 3  3  11  22  12  3  11  44  55  66  2  3  3 ( , )
Thermal Conditions. For FGP, the temperature variation are assumed occurs in the thickness direction only and one-dimensional temperature field is considered to be constant in the plane of the plate. Following this, linear and non-linear temperature conditions have been applied.
Linear Temperature. Assuming the temperature b T and t T are imposed at the bottom and top of the plate, the temperature field under linear temperature rise along the thickness can be obtained as T T T = + at 3 2 h x = − and solving steady-state heat transfer equation (7), the temperature distribution along the thickness can be obtained
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where the thermal conductivity 3 ( ) k x is assumed to be independent to the temperature.
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A B D E and F are the plate temperature stiffness.
Method of solution.
The boundary conditions are considered simply supported. Based on Navier's method with simply supported boundary condition the displacement fields are expressed as ( ) 2  1  2  1  2  1  2  1  1 , , 
Results
The results for temperature dependent FGP that obtain by applying SSDT in this study are compared with the results obtained by using higher order shear deformation theory in Ref. [5] . The close agreements between the present results and those of the referenced solutions are shown in Table 1 . Fig3: First four Non-dimensional frequency parameters versus Non-linear temperature field for simply supported (ZrO2/Ti-6Al-4V) FGP when a/ h=10 and a=0.2, p=1.
Summary
Temperature-dependent free vibration of functionally graded plates subjected to linear and nonlinear temperature fields are investigated by using an analytical approach (Navier's Method) for simply supported boundary condition. The formulations are based on the second-order shear deformation theory (SSDT) to account for transverse shear effects through the thickness. Material properties of FGPs are assumed to be temperature-dependent and vary along the thickness by a power-law distribution in terms of the volume fractions of constituents. The results are validated by comparing them with the published results and they are in a good agreement. Free vibration is at the maximum for pure ceramic, minimum for pure metal, and degrades gradually as the volume fraction index (p) increases and decreases as temperature change (T) increases in types of temperature fields. It is noted that the frequencies of FGPs with higher grading index are more sensitive to the temperature rise than those for other grading index.
